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LAMINATED ARTICLE COMPRISING
COUPLING ELEMENTS OF MALE-FEMALE
TYPE

FIELD OF THE INVENTION

This invention relates to a laminated article, in particular
for electrical use, for example an electric motor stator or
rotor pack, and a method and device for constructing said
article.

BACKGROUND OF THE INVENTION

Generally, laminated articles of the aforesaid type are
constructed by progressive stamping. When the laminations
have been stamped they are stacked, advantageously by the
stamping tool itself, and are connected together by coupling
clements, also known as “clips”, which project from one of
the faces of the lamination and are formed by deforming the
lamination 1n particular mutually symmetrical positions.

Specifically, during coupling, the projecting part of the
coupling elements of a first lamination 1s 1nserted or forced
into the recessed part of the coupling elements of a second
underlying lamination and so on until the last lamination of
the pack 1s reached, which 1s generally not provided with
projecting coupling elements and instead comprises simple
through cavities, to prevent one article gripping another it
laid thereon.

Coupling the laminations together 1n the aforedescribed
manner has certain drawbacks. The most important derives
from the fact that the clips, formed by stamping a metal
lamination, normally have the projecting part dimensionally
larger than the recessed part (the projecting profile being
determined by the die and the recessed part by the punch).

Consequently 1t 1s very difficult to size these two parts to
satisty the clamping requirements of the article as their two
shape-generating elements are linked together.

A further drawback derives from the fact that the stamp-
ing device for forming the laminated article must include a
station dedicated to stamping an end lamination, this
increasing the complexity of the dies and hence their cost.

Moreover, laminated articles are generally compensated,
1.€., they are constructed 1n such a manner as to overcome
the geometrical and mechanical non-uniformities of the
metal strip from which the laminations are punched. For this
purpose 1t 1s known to rotate each lamination relative to the
preceding through a certain angle, known hereinafter as the
compensation angle.

In known articles this compensation angle 1s that between
one clip and the next, and 1s hence related to the number of
clips 1n relation to the geometry of the lamination. For
example, for circular laminations the compensation angle 1s
about 60° if six clips are present, about 90° for four clips and
about 120° for three clips. The time required to rotate the
lamination through the compensation angle considerably
affects the construction time for the laminated article. This
1s particularly valid 1n the case of progressive stamping
devices which also stack the laminations, in which at each

die-cutting blow the die containing the laminations to be
stacked has to be rotated.

Further drawbacks when using known clips, and 1n par-
ticular finned clips, occur in the case of spiralled laminated
articles, for example spiralled rotor packs. In this case, to
enable the projecting parts of the clips of one lamination to
be 1mserted into the recessed parts of the next lamination
while at the same time enabling the two thus compacted
laminations to be slightly rotated, a discharge hole has to be
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2

provided in each lamination 1n correspondence with each
clip, this 1n certain cases, for example 1n the case of die-cast
rotors, giving rise to problems. In this respect, infiltrations of
aluminium into such discharge holes have occurred, causing,
motor malfunction related to the creation of parasitic cages.

It should also be noted that laminated articles 1n which the
laminations comprise clips to be coupled together have been
in use for many years, but up to the present time the problem
of 1mproving such a coupling system has not arisen.

OBIJECTS AND SUMMARY OF THE
INVENTION

An object of the present invention 1s to provide a lami-
nated article and a device for producing said article, and to
develop a method for constructing such an article in which
lamination coupling 1s 1improved, particularly with regard to
the requirements for their clamping together.

A further object 1s to provide an article and a method
which enable the lamination stamping device to dispense
with the lamination stamping station dedicated to the end
laminations, with consequent reduction 1n the length of the
stamping device.

A Tfurther object 1s to provide a laminated article com-
prising clements for connecting the laminations together
which ensure greater rigidity to the article.

A further object 1s to provide an article, a device and a
method which 1n the case of compensated articles enable the
stamping rate to be 1improved.

A further object 1s to provide an article and method which
in the case of spiralled articles enable discharge holes to be
dispensed with 1 correspondence with the clips.

These and further objects which will be apparent to an
expert of the art are attained by an article including mutually
superposed metal laminations, each lamination including
clips projecting from a surface thercof and formed by
deforming the lamination, and cavities angularly spaced
apart from the clips. Each cavity i1s arranged to receive a
respective clip from an adjacent lamination such that the
laminations are coupled together via the clips and cavities.
The cavities and clips constitute separate coupling elements
of female and male type respectively.

BRIEF DESCRIPITION OF THE DRAWINGS

The present invention will be more apparent from the
accompanying figures provided by way of non-limiting
example, wherein equal numbers 1ndicate equal or equiva-
lent parts, and 1n which:

FIG. 1 1s a schematic side view of a laminated article;

FIG. 2 1s a view from above of one of the laminations of
the article of FIG. 1;

FIG. 3 1s a view from above of an end lamination;

FIG. 4 1s a partially sectional enlarged schematic view of
the laminations indicated by the arrow A of FIG. 1 of the
article shown 1n that figure, the section having been taken on
a broken line (not shown) in order to highlight the coupling
between one lamination and another;

FIGS. 4A and 4B are a view similar to FIG. 4, but
showing a modification;

FIGS. 5A, 5B, 5C show the stamping steps required to
form one of the laminations represented 1n FIGS. 2 and 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1, 2, 3 show a laminated article, indicated overall
by 1, comprising a plurality of mutually superposed metal



5,923,112

3

laminations 2 (twenty-seven are shown in FIG. 1), each
comprising three coupling elements or clips 3 projecting
from the surface of the laminations, and three through
though coupling cavities 6. More specifically, FIG. 1 shows
as the laminated article a conventional compensated rotor
pack for electric motors. As 1s usual 1n conventional rotor
packs, each lamination 2 comprises a series of profiled
through cavities 4 provided along the outer edge, a central
through hole 5, and the coupling clips 3. In the 1llustrated
example these latter are of the angle plate type (as shown in
FIG. 4), but could also be of different type, for example of
button, angled button or fin type. The coupling cavities 6 are
arranged to house the clips 3 of the adjacent lamination.
These cavities are preferably arranged symmetrically to each
other along the same circumferential line L (FIG. 2) along
which the clips 3 are formed, and all at the same angular

distance B (FIG. 2) from the clips.

It should be noted that the clips could also be arranged
unsymmetrically to each other, and that tile cavities 6 and
clips 3 could be arranged along different circumferential
lines, each circumfierential line comprising at least one
cavity and one clip, and such that all the cavities are at the
same angular distance from the clips 3.

Advantageously the cavities 6 are through cavities, as
shown 1n FIG. 4. They could however also be shaped as a
recessed female element, for housing the projecting portion
of the clips 3. The cavities 6 can be dimensioned to engage
the clips 3 with a certain clearance (as in FIG. 4) or with
oreater contact, depending on the clamping requirements for
the laminations and/or on the need to form spiralled articles.

The cavities 6 are also advantageously provided 1n posi-
fions substantially adjacent to the clips 3, so that when a
compensated article 1s to be formed, the laminations 2 being
stacked are rotated one relative to the other only by the angle
B (FIG. 2) between a clip 3 and a cavity 6, and not by the
angle C (FIG. 2) between one clip and the next, which
happens if using known laminations. In this manner the
overall time for stamping and stacking the article 1s consid-
erably reduced. The cavities 6 can also be positioned and/or
be 1n such a number as to enable the projecting part, suitably
increased 1n height, to engage two underlying laminations,
or penetrate two cavities in these laminations (see schematic

FIGS. 4A and 4B).

The end lamination or laminations 2A (FIGS. 1, 3) of the
laminated article do not comprise clips 3 but only cavities 6,
to prevent two superposed articles becoming connected.

The method for obtaining the laminations 2, 2A and for
their stacking comprises a series of stamping stages carried
out on a metal strip 7. In a first stage the perimetral shaped
through cavities 4 are formed (FIG. SA), in the next stage
there being formed the coupling cavities, the central hole 5
and the clips 3 by deforming the strip (FIG. 5B). These
stages can be concentrated into a single stage. In the third
stage the lamination 2 or 2A is die-cut from the strip (FIG.
5C).

Advantageously, simultaneously with the die-cutting, the
die-cut lamination 1s stacked and then rotated through the
compensation angle B together with the pack of laminations
with which the lamination has been engaged. The afore-
described method can be 1implemented by a usual progres-
sive stamping device comprising a station for each of the
atorelisted stages, and which in particular for the die-cutting
third stage comprises a conventional rotary die 10. More
specifically, the stamping device comprises stations which
operate simultaneously on a metal strip 7 which advances
periodically in a predetermined direction D (FIG. §). At each
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blow of the device, the cavities 4 are formed 1n a first station
(FIG. SA), the cavities 6, the clips 3 and the hole being
formed 1n a second station following the first, but with the
facility for forming the cavities 4, the cavities 6, the clips 4
and the hole 5 1n a single station or with a different
distribution within the two stations. A lamination 2 or 2A 1s
die-cut and stacked in a third station following the second,
and 1s then rotated through the compensation angle. After the
operations 1n each station have been completed the strip 7 1s
advanced through one step and the device proceeds with a
further blow. It should be noted that 1n the third station the
lamination 1s die-cut by a rotary die 10. In this respect, when
the strip originating from the second station reaches the
third, on the rotary die there 1s already present a lamination
which has been previously die-cut, stacked and rotated
through an angle B, consequently the clips 3 of the current
lamination to be cut out by the die become positioned 1n the
cavities of the underlying lamination, to couple to this latter.
The lamination 1s then cut out by the die. At this point the
die 10 1s rotated through an angle B, so that the lamination
which has just been cut out and coupled to the underlying
laminations becomes located with the cavities 1n the correct
position to receive the clips of the next lamination to be
die-cut.

It should be noted that compared with known stamping,
devices, 1n the device of the invention the station for
punching the clips 3 1s modified by also being provided with
punches for forming the coupling cavities 6, and by allowing
the clip punching punches to be deactivated to leave those
for the cavities 6 1n operation. In this manner the same
station can be used not only for forming usual laminations
2 but also for forming those laminations 2A for the end of
the pack.

It should be further noted that the laminations of the
invention result in more rigid packs. If for example lami-
nations are used comprising two diametrically opposite clips
and two cavities positioned along the same circumierential
line as the clips but at 90° from this latter, the clips of the
pack are no longer mutually aligned, as happens if using
known laminations, but only the clips of two laminations
every three are mutually aligned, 1.e., the clips of the first
lamination are out of alignment with those of the third, and
the clips of the second are out of alignment with those of the
fourth, and so on. It has been found that packs obtained in
this manner are more rigid than traditional packs.

In a possible modification, the device could comprise
separate stations for forming the clips 3 and the coupling
cavities 6 and also punches for cutting cavities 6 1n corre-
spondence with the clips 3 without deactivating the clip-
forming punches.

It should be noted that the punches used for forming the
cavities 6 and clips 3 are advantageously different from each
other, to enable the cavities to be dimensioned 1n the most
suitable manner, taking account of the clamping and spiral-
ling requirements of the article.

We claim:

1. A laminated article, comprising mutually superposed
metal laminations, each of said laminations including

clips projecting from a surface of said lamination and
being formed by deforming said lamination, and

cavities, each of said cavities being angularly spaced apart
from all of said clips and arranged to receive a respec-
tive one of said clips from an adjacent one of said
laminations such that said laminations are coupled
together via said clips and said cavities,

said cavities and said clips constituting separate coupling,
clements of female and male type respectively.
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2. The laminated article of claim 1, wherein said cavities
are positioned 1n correspondence with said clips such that an
angle between each of said cavities and one of said clips
closest to said cavity 1s less than an angle between two of
said clips.

3. The laminated article of claim 1, wherein said cavities
are through cavities extending between parallel planar sur-
faces of each of said laminations.

4. The laminated article of claim 3, wherein said clips
project from a surface of said laminations a distance equal
to the height of said laminations such that each of said clips
1s received within a respective one of said cavities.

5. The laminated article of claim 1, further comprising an
end-of-pack lamination arranged as an end one of said
laminations 1n the article, said end-of-pack lamination
including cavities arranged to receive clips but lacking any
clips.

6. The laminated article of claim 1, wherein said cavities
are arranged equiangularly with respect to each other along
a common circumierential line, said clips being arranged
along said common circumferential line and each of said
clips bemng at a set angle from a respective one of said
cavities.

10

15

20

6

7. The laminated article of claim 1, wherein said cavities
and said clips are arranged along at least one common
circumferential line, said at least one line having at least one
pair of said cavities and said clips.

8. The laminated article of claim 1, wherein each of said
clips 1s dimensioned to at least partially penetrate into a
respective one of said cavities of an adjacent one of said
laminations.

9. The laminated article of claim 1, wherein at least one
of said laminations further comprises additional cavities for
at least partially housing respective ones of said clips of a
non-adjacent one of said laminations.

10. The laminated article of claim 1, wherein each of said
laminations has an outer edge and further comprises profiled
cavities formed along said outer edge.

11. The laminated article of claim 1, wherein each of said
laminations includes a central through hole.

12. The laminated article of claim 1, wherein each of said
laminations comprises three cavities arranged such that each

of said cavities 1s at an angle of 120 degrees from other of
said cavities.
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